Flavour analysis of grape is a key step in quality evaluation. The Stir Bar Sorptive Extraction 
moment few applications have dealt with grapes (Luan, Mosandl, Munch & Wust, 2005; 89 Pedroza, Zalacain, Lara, Salinas, 2010) . Salinas, Zalacain, Pardo & Alonso (2004) were the first 90 to propose the use of this technique for detecting volatiles in grape berries.
91
The concentrations of volatiles change during grape ripening and information on these changes,
92
and the factors which induce them, is of high technological importance as it allows harvesting 93 grapes with specific aroma profiles. Little has been published up to now about the evolution of 
98
Another well-known, but little detailed, factor affecting aromatic composition of neutral grapes
99
(and possibly of the derived wines) is the so-called 'terroir' where the vines are grown, each 100 terroir giving rise to specific aromatic notes for a given vine genotype. However, very limited 101 information is available about the influence exerted by the growing location on the volatile 102 composition of neutral grapes (Bureau, Razungles & Baumes 2000; Ji & Dami, 2008) .
103
In the present study we report the results of varietal and pre-fermentative volatile assessment developmental stages; ii) to assess the influences exerted by environmental conditions on the 112 timing of flavour accumulation in grapes and iii) to contribute to knowledge about the key steps 113 of flavour biosynthesis in grape berries.
115

Materials and Methods
116
Samples
117
Nebbiolo grapes from three cultivation areas of Piedmont in North-West Italy (Barolo, 
SBSE methodology
136
Sample preparation for the detection of volatiles involved grinding and homogenization of 137 grapes. A common robot for domestic use was employed to crush berries without breaking seeds; 138 from each sample of 200 homogenized berries, 10 g were diluted to 100 ml with distilled water 139 and 30 µL of 2-heptanol, 104.38 mg L -1 , were added as internal standard for semi-quantification.
140
Samples were left at room temperature for 30 minutes, and during this time lapse they were 141 manually shaken three times; 20 ml of the aqueous grape extract were transferred into a cap-
142
screw vial and stirred (700 rpm) with a PDMS stir bar (0.5 film thickness, 10 mm length,
143
Twister®, Gerstel, Mulheim and der Ruhr, Germany) for 6 hours at room temperature (Salinas,
144
Zalacain, Pardo & Alonso, 2004) .
145
All grape samples were analyzed within 6.5 hours from grinding and thawing to avoid possible (Table 2) .
218
The majority of varietal and pre-fermentative volatiles found in Nebbiolo grapes have been
219
previously identified in berries from other Vitis varieties except penthyl-hexanoate, butyl-220 hexadecanoate, two sesquiterpenes (longicyclene and junipene), and a furanone-type compound
221
( Table 1 ). The two sesquiterpenes and the furanon-like compound were tentatively identified as 222 such on the basis of NIST 05a; for all of them the probability of matching identification was 223 around 99 %. 
236
Aliphatic alcohols constantly accumulated in grapes from Barbaresco whereas they reached a 237 peak of maximum concentration in grapes from Roero (at 25 dpv) and from Barolo (at 45 dpv, (Table 4) , whereas it increased in grapes from Barbaresco and of many fruits (Klee, 2010). They are formed subsequently to the crushing of berries thanks to
The total ester content increased during ripening; ester biosynthesis started 25 dpv in grapes from
249
Barbaresco and Barolo, earlier in grapes from Roero ( Fig. 1) . No ethyl esters were detected 250 whereas methyl-and penthyl-esters of butanoic, nonanoic, decanoic and hexadecanoic acids 251 were identified (Table 1) . Among ethyl-esters we exclusively found ethyl-hexadecanoate in trace 252 amounts and exclusively in grapes from the Roero area (Table 4 ). The fact that no ethyl-esters
253
were detected in homogenates of Nebbiolo grapes could indicate that no fermentation of the juice 254 started during grinding and extraction with the SBSE.
255
Some important differences were found in the type of accumulated esters: grapes from the Barolo 256 area were characterized by the presence of ethyl-hexanoate, methyl-3-OH-butanoate and methyl-257 nonanoate (Table 3) ; conversely, grapes from Barbaresco accumulated methyl-decanoate and 258 butyl-hexadecanoate (Table 2) . At harvest, ester total concentrations were similar in grapes from
259
Barbaresco and Barolo whereas quantities detected in Roero grapes were significantly lower ( Table 4 ).
262
Terpenes and sesquiterpenes
263
The trend of total terpene accumulation in Nebbiolo showed important differences among Table   272 2), (Z)-citral, β-citronellool and (E)-geranylacetone (Tables 2, 3 
Norisoprenoids
291
The importance of norisoprenoids in grape aroma is well known; they have been intensively vineyards. The incidence of norisoprenoids over total varietal and pre-fermentative volatile 303 amount was very low, ranging from 0.014 to 2.6 %.
305
Benzene derivatives and lactones
306
Benzene derivatives were synthesized already before véraison; their accumulation trend was 307 greatly influenced by the growing area ( Fig. 1) . At harvest, benzene derivatives accounted for 9.6 308 % in grapes from Barbaresco, for 5.3 % in grapes from Barolo and for 7.3 % in grapes from
309
Roero. Benzyl alcohol was exclusively detected in grapes from Barolo at harvest (Table 3) . The 310 accumulation of benzene derivatives peaked 20 dpv in grapes from Barbaresco and Roero, 311 whereas a completely different behaviour characterized grapes from Barolo (Fig. 1) .
312
A furanone-type compound was found in grapes from all three vineyards; Roero grapes were also 313 characterized by the accumulation of γ-butyrolactone ( Barbaresco whereas a phase of plateau since 15 dpv characterised berries from the Roero area 321 that globally accumulated lower quantities of varietal and pre-fermentative volatiles (Fig. 1) .
322
Total volatile maximum concentration was reached at about 45 dpv in grapes from Barbaresco
323
and Barolo, earlier in grapes from Roero (Fig. 1) . However, at harvest total amounts of volatiles 324 in Roero grapes were similar to those of berries from the other two areas (Table 4 ). In grapes
325
from Barolo a final concentration reduction was detected before harvest and this was due to the 326 concomitant reduction of aliphatic alcohol, ester and terpene concentrations (Fig. 1) 
345
By observing the distribution of individuals in the x-y-z graph (Fig. 2) we noticed that 
353
Barbaresco and Barolo cases associated to its positive values (Fig. 2) .
354
As to variable correlation (Fig. 2) we found that the percentage of total aldehydes was negatively were quite distant from wines, such as those from Roero, that underwent a reduced ageing period;
371
differences were tied to a series of compounds but the most implicated compounds were esters. In 372 this study we show that Barbaresco and Barolo grapes accumulated more esters than Roero 373 grapes, thus the differences previously detected at the wine level could have a previous origin in 374 grapes rather than be exclusively due to the numerous fermentative reactions that induce ester 375 formation during winemaking and ageing.
376
As shown from the interpretation of the PCA model, grapes from the Barbaresco area, except 377 those of the first sampling date, were well separated on the second principal component axis,
378
representing the incidence of terpenes over total volatiles; previous studies (Bureau, Razungles &
379
Baumes 2000) reported that artificial bunch shading, by reducing illumination of clusters,
380
decreased the concentration of free terpenols and norisoprenoids respect to sun-exposed berries.
381
The Barbaresco growing area was characterized by a higher cumulated global radiation, and by 
Conclusions
428
The SBSE was effectively used for the first time to detect varietal and pre-fermentative volatiles Barbaresco, Barolo and Roero wines. The influence exerted by the growing location on volatile 431 concentration and profile was analysed, as well as on the timing of volatile biosynthesis.
432
One of the main aims of this study was to verify the existence of differences in the volatile profile 
442
The concentrations of certain classes of compounds such as terpenes, norisoprenoids and benzene 443 derivatives were generally correlated among them so that this opens the possibility to follow the
444
'aromatic ripening' of grapes by following the evolution of a unique class of compounds.
445
Further studies, over more years and also on global aroma potential, i.e. including glyco- 
